IntroductIon
Establishing protected areas is the most widely used instrument for dealing with the decline of biodiversity associated with agricultural, urban, and industrial activity. In the last fifty years, biodiversity conservation has predominantly relied on protected areas, but recently there have been signs of burnout, due to insufficient wilderness area remaining for new reserves and the isolation and limited (or nonexistent) connection among existing protected areas. In general, the design of nature reserves disregards the biodiversity of surrounding agricultural and urban areas, and with respect to their management, it is often blind to the benefits of social participation, especially that of indigenous groups, in spite of their broad range of knowledge and long experience with the land. the Latin American and caribbean region, i.e., the neotropics, harbor the greatest biological and cultural diversity in the world. 1 At the same time, this region suffers one of the highest deforestation rates, the latter being prompted by disordered land use resulting from the creation of extensive, short-term productive systems. 2 In the next one hundred years, terrestrial ecosystems of Latin America are expected to be transformed principally by changes in land use, as well as by significant climate change, increased nitrogen deposition, as well as decreases in the numbers of plant and animal species. 3 these changes will affect both ecosystem resilience and the sustainable flow of goods and services from ecosystems to society. 4 Latin America is also bearing increased poverty and social marginalization, which are in consequence of the loss of natural resources and a decrease in the services provided by ecosystems. 5 For this reason, stopping the loss of biodiversity in Latin America can also help address questions of social and environmental justice. 6 under such current conditions, the protection and conservation of biodiversity are of the highest priority. 7 In this essay we propose a connectivity model for biosphere reserves as one that could improve the protection of the system in the long term, at the same time we point out that this model deserves further discussion for its successful application. tHE cAuSES oF dIMInISHInG BIoLoGIcAL And cuLturAL dIvErSIty the main factors responsible for the global loss of species are landscape changes and habitat fragmentation. 8 their effects can be detected both on individual species and on landscape patterns, resulting in changing species assemblages. 9 the most obvious causes of landscape changes in Latin America are monocultures of crop and tree species, along with extensive and intensive cattle ranching. Both activities extract products and exploit ecosystem services in a non-renewable way. 10 In Latin America the relationship between humans and nature began at least 20,000 years ago, but a major change in predominant patterns of land use and natural resource management began with the arrival of columbus to the new World. 11 tropical crops, as well as small and large livestock, were introduced from other parts of the world. these introductions were tantamount to an invasion of exotic species and land use practices that were markedly different from traditional Amerindian practices. these changes unleashed the greatest environmental globalization that ever occurred; on a scale unlike any other since the massive transformations of the Pleistocene.
today, Latin America plays a strategic role in the conservation of the world's biodiversity. Brazil, colombia, Ecuador, venezuela, Peru, and Mexico are six of the fourteen megadiversity countries, containing sixty to seventy percent of the world's biodiversity. 12 Biological diversity in Latin America overlaps with the highest indigenous cultural diversity. one of the main indicators of cultural diversity is the number of languages spoken in a given country or territory. 13 the links between language, culture and the environment suggest that biological, cultural and linguistic diversity should be considered together. 14 they form a systemic unit that contains and expresses a total "pool of ideas," nurtured over time through heritage, local traditions and customs communicated through local languages. the diversity of ideas derived from different languages and sustained by different cultures is as necessary as the diversity of species and ecosystems for the survival of humanity and all life in our planet. 15 the loss of languages is linked to the loss of irreplaceable knowledge about the environment. 16 Today more than fifty-five percent of industrialized agriculture in Latin America is devoted to production of two introduced species: sugar cane (30.4 percent), and coffee (25.7 percent). Almost seventy percent of the cultivated land in the region is sown with crops that are non-native to the Americas: sugar cane, coffee, banana, rice, and wheat. 17 the gravest environmental consequence of this ecological globalization, occurred over the past five centuries, is that the centers of genetic diversity of these crop species are no longer their main production centers. 18 concomitantly, the economic and production model most extensively used nowadays, includes a minimal part of the biological diversity and does not take into account the cultural diversity native to the continent. 19 current production patterns are largely based on the simplification of landscapes and the exploitation of ecosystems without considering their natural rates of regeneration. 20 PrIStInE, ruStIc, And InduStrIALIzEd LAndScAPES during the twentieth century, in tropical America there was concern about preserving and conserving the diversity of landscapes, ecosystems, communities and species threatened by expanding agriculture, cattle raising, industry and urbanization. Since, then, reserves and national parks have been central to the preservation of species and natural areas. 21 the greatest efforts focused on setting aside pristine areas, ignoring the effect of both natural and anthropogenic disturbances. 22 this approach has managed to protect approximately 6.4 percent of the Earth's land; an insufficient sample of the biodiversity and ecosystems in the world. Furthermore, the availability of pristine areas declines daily due to land use changes. 23 When we speak of landscapes, we need to differentiate the rustic landscape from the industrial landscape. 24 the former implies uses that are adapted to the climate, soil conditions and resilience of the regional ecosystems, while the latter is based on the exploitation of soil fertility and water, with the use of fertilizers and agrochemicals. this results in two entirely different environmental scenarios. on rustic landscapes, traditional management practices maintain the highest availability and mobility of species across the landscape mosaic, a mechanism that ecologist Janne Bengtsson referred to as an internal ecological memory. there is an ecological memory that takes the form of the availability of species that are allowed to interact with the other components of the landscape. 25 Ecological memory has almost completely disappeared from industrial landscapes, which function mainly as a species sink, depending on the constant consumption of energy and resources that are not regenerated by the ecosystem.
Human society and nature are two forces that shape landscapes and ecosystems. 26 Historically, pristine and human-disturbed areas have coexisted,leaving an area where the original vegetation persists, in the form of fragments of varying shapes and sizes. the result is a mosaic of succesional stages of natural vegetation. this idea of the landscape formed by expanses of natural areas, crop fields, traditional husbandry, pasture management and human settlements encompasses a broader biological and cultural diversity than pristine areas by themselves. 27 this landscape perspective offers important lessons about the conservation of species, ecological processes and the resilience of ecosystems.
Landscape ecology offers new insights about processes that act on different spatial and temporal scales. this information can be useful to planners who are involved in optimizing the use of space or improving environmental conditions. While important advances have been made in the study and characterization of landscape patterns and change, landscape function is still poorly understood. Flows of biota, water, nutrients and other materials across the landscape are determined, to a large extent, by landscape patterns, but an appreciation of the functional links between patterns and processes has been slow in coming. If landscape ecology is to make a useful contribution to land use and conservation issues, greater effort needs to be invested in understanding the functional aspects of landscapes. 28 the focus on pristine areas for conservation ignores the biodiversity that occurs outside protected areas. Agro-ecosystems found outside the conserved areas are a valuable resource, which should be considered for creating an alternative model 29 of conservation and sustainable land use. 29 We should understand landscapes as a dynamic mosaic fashioned by sets of species that are temporally associated with successional stages of vegetation formations created by disturbance and abandonment of agricultural land. Landscapes change because of the dynamic interaction between natural and cultural forces. cultural landscapes are the result of the successive reorganization of the land to better adapt to changing demands of society. today, such changes are seen as a threat, because they reduce biodiversity, coherence and identity of the ecosystem. these aspects were not only characteristic of, but also enriched by the traditional cultural landscapes, which today are rapidly disappearing.
BIoSPHErE rESErvES: A LAndScAPE APProAcH to conSErvAtIon
Protected natural areas fall into a broad range of categories. In general, they coincide in their goals, which are to prevent ecosystem degradation, conserve biodiversity and develop harmony between bio-cultural diversity and sustainable development. 30 of all the categories of protected natural areas, the biosphere reserve model conceived by unESco at the beginning of the 1970s stands out because it takes into account the structure and dynamics of regional landscapes, integrates the concept of ecosystem, and incorporates the presence of human settlements and productive activities.
the unESco biosphere reserve program is a very successful international agreement. this reserve model has proven to be versatile and adaptable to a variety of ecological, cultural, and social conditions. It has been accepted by many countries to protect their biodiversity; to date, 531 biosphere reserves have been created in 105 countries ( fig. 1) . In Ibero-America and the Caribbean, 143 biosphere reserves have been decreed in twenty-one countries, covering 255,147,598 hectares of land ( fig. 2) .
The biosphere reserve model has three zones. The first, the core zone justifies the creation of the reserve; it is the best conserved, and contains most of the biodiversity. Around the core area is the buffer zone, which allows low impact activities, and has the function of protecting the core zone from high human impact. the buffer zone is externally surrounded by the transition zone, where land use practices by local inhabitants are permitted, in ways that are amenable to biodiversity conservation goals ( fig. 3a) .This model acknowledges the presence of both the rustic landscape in the buffer zone, as well as more intensive, sustainable industrial uses in the transition zone. From the landscape perspective, the biosphere reserve is a 
THE LANDSCAPE APPROACH
visionary category of protected natural area that includes humans. to date, it is the only type of reserve that explicitly takes into account in its conservation strategy the biodiversity of the surrounding agro-ecosystems and urban areas.
At the third World Biosphere reserve congress, held in February 2008 in Madrid, it was recognized that biosphere reserves have made a huge contribution to research, biodiversity inventories and conservation biology. Since their origin, biosphere reserves have been tightly linked to research institutions and thanks to this, some of the most important studies on biodiversity have been produced. However, studies have not fully examined the fact that the reserves fall short on the spatial and temporal scales of ecosystem dynamics. 31 nor has the effect of large-scale disturbances on the structure and functioning of ecosystems and the landscape been considered. this lack of knowledge can produce ecological surprises and interfere with conservation goals. 32 An additional, critical shortcoming of the current application of the biosphere reserve model is that the relationship between biodiversity and indigenous populations settled in the reserve has been frequently overlooked. the geographic distribution of indigenous groups is related to the sites with the greatest biological diversity; this could be a consequence of the way in which biodiversity is used. 33 the type of land ownership, and traditional management practices of species and ecosystems have also been frequently disregarded. this disregard has 31 Bengtsson et al., "reserves, resilience, and dynamic Landscapes. Figure c illustrates a model that has been proposed for the management of Manantlan Biosphere Reserve in Mexico, where a forestry landscape restoration strategy is being implemented immediately outside the reserve. Management of native forests in the buffer zone, combined with restoration and reintroduction of tree native plant species, functions as a nurse crop for reintroducing a set of native species in the transition zone, and outside the biosphere reserve. These scarce tree species would be otherwise not available, because they native ecosystems in order to grow. Therefore, restoration is conducted for the protection and management of natural re-growth and active reintroduction of key species. An initial fast-growing nurse crop supplying commercially useful timbers or other goods can facilitate the subsequent establishment of more species-rich forests.
resulted in cultural erosion, the loss of experience and knowledge about landscape management. In addition, this omission has generated frictions between researchers, managers, large-scale producers and the local and federal authorities. As the area of land modified by agricultural, urban and industrial activities continues to grow, and so does the disparity between the spatial scale of the protected areas and the scale of their ecosystem dynamics. 34 rEtHInKInG BIoSPHErE rESErvES until now, biosphere reserves have had a limited effect on the regional scale, even though this was one of the main objectives of their creation. Practically all of the reserves in Iberoamerica and the caribbean are pressured by ecologically aggressive land use practices in their immediate surroundings. As a result, biosphere reserves are being isolated and endangered.
At present, transition zone of the biosphere reserves is the most critical. this situation is a consequence of their limited size, the absence of consideration for the type of land use outside the reserve, and the lack of capacity to communicate available knowledge and information about sustainable use practices. two additional disadvantages arethat many reserves were created on marginal lands 35 and that they were conceived as static entities that stay essentially the same for centuries. 36 If this situation does not change, biosphere reserves will soon become ecological islands, degraded by human impact in their surroundings, and suffering from an ever-increasing edge effect. Increasing loss of species and clandestine extraction of flora and fauna are expressions of these effects. 37 the conservation strategy for natural areas implemented to date is not producing the results we had initially hoped for. disturbance produced by both natural forces and human activity is the motor of landscape heterogeneity and diversity. disturbance is related to two relevant attributes of the landscape, its fragility and resilience. 38 If the dynamics of ecosystems and landscapes are to be taken into account, we must reconsider the way in which the reserves are designed and managed. reserves should be [considered an integral] part of a landscape mosaic increasingly controlled by human activities. 39 the main purpose of the original landscape pattern for biosphere reserves is to conserve the biodiversity of the core area, like a sanctuary. the two surrounding zones (buffer and transition) protect the core area from the effect of land management in the surroundings. this model is centripetal in its character, as its main function is to isolate and to protect the core from the "negative effects" of regional land uses ( fig. 3b) .
We propose that the biosphere reserve model has the potential to adapt to the spatial scale of ecosystem processes and human interference. For this to happen, the landscape pattern for biosphere reserves should be reversed. Instead of isolating the core area, fluxes should be facilitated, and biodiversity should have free access to transition zones. this requires to change the function of the buffer zone, from that of protection to that of facilitating the movement of species toward transition zone. thus, buffer zones turn into areas of ecological connectivity. this model of biosphere reserves then becomes centrifugal in character ( fig. 3c) .
reversing the function of the buffer zone, from one that mitigates the damaging effects of anthropogenic change in the surroundings to a zone where the main function is facilitating the spread of biodiversity towards the area of influence and eventually to the surroundings of the reserve, links the reserve with its local and regional environs. this could restore the ecological connectivity of the landscape around the core area, and allow the reserve to become an integral part of the landscape. The self-regeneration capacity of the ecosystem would also be restored ( fig.  3c) .
the core-thought of as an untouchable area-needs to be reconceived as the most important repository of biodiversity capital of the biosphere reserve and its surroundings. this landscape perspective will allow us to proceed with environmental restoration at the scale of the ecosystem and to respond to both natural and human disturbances in a more proactive manner. Facilitating the movement of biodiversity from core to transition zones enhances the connectivity between zones with different degrees and types of human uses; i.e, an integrated landscape, one that is structured and functional, and which becomes a coherent sustainable ecosphere. ultimately, the goal is to establish a sustainable balance between attractive, healthy, liveable, productive, and industrial landscapes for future generations. 40 More important than the conservation of intact areas is the conservation, on a regional scale, of strategies of resource use that do not interrupt the ecological processes that maintain the resilience of the landscape. 41 Biodiversity is crucial for recovering ecosystem function and, above all, its resilience. the most powerful instrument for conserving biodiversity is not a fence that isolates, but rather policies and reforms that turn conservation into a matter of both private and social concern. 42 We should focus our attention on active efforts to produce a truly integrated science, the development of sound landscape design principles and increased interaction with policy planners and managers.
